Introduction
Cloning, on first impression, suggests a perfect way to improve the performance of farm animals. As with many first impressions, the wrong conclusions are often drawn. These first impressions might be 1 ) that clone mates (referred to as members of the clone) are identical in all respects, that is, are uniformly the same, and 2 ) that how clones will perform is known exactly. Another related impression is that superior records of the clone originator would guarantee that all members of the clone are genetically superior to other animals. Such first impressions would seem to imply that what breeders need to do is to find the perfect animal so that no further effort to breed better animals would be needed, that is, when the perfect animal is found, and cloned, then traditional methods of breed improvement would be obsolete. The purpose of this article is to show that these perceptions of cloning technology are generally incorrect and that traditional methods of animal improvement and genetic evaluation will be needed for effective implementation and for the economic evaluation of costs and expected returns.
Discussion
Many papers have discussed implementation of cloning for livestock improvement since 1980 (e.g., Van Vleck, 1981; Nicholas and Smith, 1983; Smith, 1989; Woolliams, 1989a,b; McClintock and Nicholas, 1991; Colleau, 1992; de Boer, 1994; Villanueva and Simm, 1994; Villanueva et al., 1998 ). An understandable history and stimulating discussion of the biological potentials of cloning can be found in Seidel (1983) .
The approach here will be to illustrate some of the quantitative principles involved in refuting the incorrect perceptions listed in the introduction. Generally, these principles do not depend on whether cloning is from embryo splitting or from nuclear transfer of embryonic or adult cells except that adults may already have phenotypic measurements available. The most advantageous situation is to know the phenotype before cloning. The breakthrough that enables the cloning of adult animals is basically the reason for this symposium (Wilmut et al., 1997) . Therefore, that situation will be the basis for most of the following illustrations.
Are clones identical?
This question has three answers: yes, unless, and no. Yes, the nuclear genetic material is the same. That would be true, unless, for example, mutation has occurred in cells from the clone originator, or unless cytoplasmic genetic material is considered, which may be different for each clone member in the case of nuclear transfer. Even in the case of embryo splitting, differences in cytoplasmic material may exist. No, the phenotypes will not be identical except for simply inherited characteristics, such as horns or lack of horns and base coat color. For characteristics of greatest importance, such as measures of performance, the phenotypes will not be identical and, in fact, in some cases other kinds of relatives may be more alike than clone members.
The basis for understanding the yes and no answers is the simple model used by animal breeders for quantitative traits, such as birth weight, lactation yield, or area of longissimus muscle: P = MAN + G + E where P is the phenotypic measure for a trait observed for an animal; G is the sum of the effects of all the genes an animal has for that trait; E is the sum of all nonattributable (random) environmental effects contributing to P; and MAN is the combination of fixed factors, such as age, sex, and contemporary group, that contribute to P.
The model can easily be expanded. For example, G can be the sum of additive and dominance genetic effects as well as other kinds of genetic effects. For traits that can have repeated measures, such as lactation yield or litter weight weaned, E is often broken into a permanent environmental effect, which is not additive genetic but is associated with the animal and contributes to each record of an animal, and into a temporary environmental effect, which is the sum of nonattributable random environmental effects for a particular measurement. For traits influenced by mothering ability, such as weaning weight, E contains 1 ) the effects of the genotype of the mother for mothering ability (maternal G; usually, mostly milk production), 2 ) an effect comparable to the permanent environmental effect, the maternal permanent environmental effect (effect of permanent environmental factors on mothering ability of the dam) and 3 ) remaining nonattributable random temporary environmental effects. A model might also contain a cytoplasmic effect associated with elements in the cytoplasm transmitted in haploid fashion from female to female (also from female to male but not from male to female). Such models can be used to develop measures of uniformity or likeness between performance of pairs of members of a clone or between performance of pairs of other relatives or of pairs of unrelated animals.
One advantage often attributed to cloning is uniformity of performance, the "like peas in a pod" idea, which may be important for marketing or processing. If performance is the same, then the difference in pairs of records would be zero. The usual statistical measure of average differences is the variance of the difference, which is then converted to the standard error of the difference. When the records are identical, the standard error of the difference is zero. For example, if First, the records are adjusted for the MAN parts. The square root of the variance of the remaining difference is in units of the trait and can be expressed in units of phenotypic standard deviations of the trait. The standard error of the difference is zero when the records are identical and is times the phenotypic √ 2 standard deviation for differences between records of unrelated animals. The factors that make the standard error of the difference small are the same factors that make the records similar. In the case of clone mates, the sum of all genetic effects, which might be called the clonal value (Smith, 1989) , is what makes the records similar. The correlation between clone mates would be H 2 , which is comparable to heritability in the broad sense. If only additive genetic effects contribute to likeness, then the correlation is h 2 , which is heritability in the narrow sense. In most of the following examples, h 2 will be used, but, if nonadditive genetic effects are important, then they would also need to be considered in the calculations. For the varied examples, standardized phenotypic standard deviations will be used ( s = 1). Conversion to a specified trait is to multiply by the phenotypic standard deviation for that trait. With only additive genetic effects, the following are standard errors of differences between records of pairs of relatives with s = 1. Clone mates:
Full-sibs:
Half-sibs:
Unrelated pair:
If variance of dominance genetic effects contributes to genetic likeness by a fraction, d 2 , then for Clone mates:
with standard error of the other differences not affected by dominance effects. The principle is that unless d 2 is large and h 2 is large, the reduction in the standard error of the difference for pairs of records of a cloned group is not great, as shown in Table 1 . For example, with h 2 of .50, which is larger than for most traits, this measure of uniformity is only 30% better than for unrelated animals. Such an increase may or may not be enough to be economically important. Many people talk about uniformity, but apparently no one has assigned an economic value to uniformity. Usually what is meant by the term "uniformity" is the peas-in-a-pod concept of complete identity. Table 1 shows that for most traits, the peas in a pod are not all that uniform. The exception is for traits with nearly perfect broad-sense heritability. A trait such as amount of white spotting in Holstein cattle, which has high heritability in the narrow sense, could be cloned to create the peas-in-a-pod effect for appearance. The economic value of that kind of uniformity is likely to be more psychological than real. In summary, clone mates would be somewhat more uniform for performance than other pairs of relatives but would not be as uniform as most people would expect. With heritability of .20 or less, the increased uniformity generally would not be very noticeable. An advantage for clones, however, is that the number of animals in a clone may not be as limited as the number in a group of full-sibs, that is, the uniformity can be extended over a larger group of animals.
Are clones superior?
Again, the correct answer can be one or more of three choices: yes, maybe, or no. There is no sure way to identify superior animals except by testing many clone mates or by testing many progeny of a bull, for example. The usual, but perhaps incorrect, perception would be that an animal with a high record or other desirable attributes could be safely selected to be the origin of a family of clone mates. In the most simple The prediction error variance for genetic value is (where g is true and ĝ is predicted genetic value)
The standard error of prediction ( SEP) is also when s = 1
Thus, if h 2 (or H 2 ) is not close to 1, the SEP of genetic value can be quite large.
What is more important to the purchaser of a clone mate is likely to be the prediction of a record of a clone mate as a difference from effects of whatever fixed factors might affect the record, MAN. The prediction of a record of a clone mate ( CM) based on a record of the clone originator ( OR) is P CM = h 2 ( P OR − MAN) to which would be added estimates of fixed factors. The accuracy of prediction of such a record is h 2 (or H 2 ) , which is actually smaller than the accuracy of predicting genetic value; that is, for h 2 = .25, = .50.
The SEP for a record is when s = 1.
The SEP for a record is much larger than the SEP for the genetic or clonal value because the E part of a record is random and cannot be predicted before the record is made. These SEP are illustrated in Table 2 for various values of h 2 . The SEP for a record of a new clone mate is not greatly different from the phenotypic standard deviation of any record. An important point, however, is that the standard error of prediction of the record of the clone mate is centered around the predicted record of the clone mate, which can be substantially above the average of the unselected population.
Genotypes of Parents Known Exactly. Suppose that
instead of knowing a record of the clone origin, the genetic values of both parents ( S and D ) were known exactly (accuracy = 1 for both), then
The accuracy of predicting genetic value, r ĝ ,g , is not 1.00 but .71 (Table 3) . Then the SEP for genetic value is for s = 1. Similarly, the SEP for a
record of a new clone mate (which is for s
= 1 ) never becomes less than .71s, even with h 2 = 1. This result and the previous examples show that records of clones of adult animals are not going to be exactly the same as a record of the adult originator. A producer will generally not know very well what is being purchased genetically and certainly will not know well at all what an individual clone mate will produce. However, the average of a large group of clone mates could be predicted very well.
Inbred Clones. Some increase in the correlation between records of clone mates can be achieved if the clone originator is inbred. With corn, the inbred lines are completely inbred with inbreeding coefficient, F = 1. Even then the correlation between records of clone mates is not 100% and is determined by whether h 2 is close to 1. For F = 1 (completely inbred), the correlation between records of pairs of clone mates is r = 2h 2 /(h 2 + 1 ) and for F = 0 (not inbred) r = h 2 Table 4 shows that complete inbreeding does add to the correlation between clone mates depending on heritability. Inbred lines of corn are raised in plots, and the number of plants per plot is large enough that correlations between plots of the same line are essentially 1.00 when F = 1.
With Maternal Effects. For traits such as weaning weight or birth weight in some species, maternal effects complicate the questions of uniformity and superiority of the clone originator. The basic model becomes 
where a i is the direct genetic effect of the animal i on its record; m d i is the maternal genetic effect of the "mother" of animal i, d i , on the record; and p d i is the maternal permanent environmental effect associated with d i . With usual reproduction systems, d i is the biological mother of animal i. With cloning, the surrogate mother, d i , will be unrelated to animal i, and, more importantly, each clone member will likely have a different surrogate mother. In the absence of nonadditive genetic effects, the correlation between records of clone members will be a 2 or direct heritability. The correlation between records of fullsibs will be .5a 2 + m 2 + ( a m ) + p 2 , where m 2 is maternal heritability, ( a m ) is the standardized covariance between direct and maternal genetic effects, and p 2 is the proportion of variance accounted for by maternal permanent environmental effects. The correlation between maternal half-sibs will be .25a 2 + m 2 + ( a m ) + p 2 . Thus for traits with maternal heritability large relative to direct heritability, the records of fullsibs and maternal half-sibs may be more similar than records of clone mates. The size of a clone family, however, may be much larger than full or maternal half-sib families. Selection of a clone originator for direct effects would require a genetic evaluation system that can predict additive genetic value after adjustment for m and p effects. Similarly, selection of a clone originator for maternal effects (see later) would require adjustment for additive direct genetic effects of progeny of potential maternal clone originators.
Cytoplasmic Effects. Extranuclear genetic material in the cytoplasm of the recipient of the nuclear material may affect the performance of clone members. The record of a potential clone originator may express not only its genetic makeup but also the makeup of its cytoplasm. If cytoplasmic effects are important, then choice of clone originator requires an adjustment of records for cytoplasmic origin because the cytoplasm of the clone origin in the case of nuclear transfer does not transfer with the nuclear genetic material. The nuclear recipient furnishes the cytoplasm. With embryo splitting, the cytoplasmic material is that of the donor, but, in repeated splitting the cytoplasmic material may not be the same for each of the "splits." Evidence for the importance of cytoplasmic effects is not consistent. With dairy cattle, the effects seem to be relatively minor within a breed for yield traits (Boettcher and Gibson, 1997; Albuquerque et al., 1998) . Robison (1998) , however, has shown what may be an interaction between breed direct genetic effects and breed cytoplasm in swine. The question of compatibility (interaction) of donor nuclear material and recipient cytoplasm would seem likely to be more important than a covariance between nuclear genetic and cytoplasmic effects.
Repeated Measure Traits. Lactation yield and litter weight weaned are traits that can be considered as repeated measures traits, although yields, for example, also could be considered different traits at different ages. The repeated measures model for record j of animal i even in that case is often a good approximation: P ij = MAN + a i + p i + e ij where now MAN may be different from record to record and p i is the permanent environmental effect associated with the animal ( i ) with the records. The implications to uniformity and to prediction of the value of the clone origin should be obvious. The correlation between a pair of records of the animal would be a 2 + p 2 , which is called repeatability, but between pairs of records of clone mates would only be a 2 (heritability), as clone mates are not likely to have the same permanent environmental effects. An exception is if nonadditive genetic effects are included in p i .
If p i is, in fact, not environmental but is due only to dominance genetic effects, then the correlation between clones would be a 2 + d 2 . The true correlation between clone mates will have approximate bounds of a 2 and a 2 + p 2 . Estimates of d 2 and contributions of other nonadditive genetic effects to total variance are rare for most traits (Misztal et al., 1998) .
For a cow with many lactations or a ewe or a sow with many litters weaned, the temptation is to believe that such females would be perfectly evaluated genetically. That would be another incorrect impression. The accuracy of prediction of genetic value with n records of an animal is √ na 2 /[1 + ( n − 1 ) ( a 2 + p 2 )
As n becomes large, accuracy tends in the limit to For milk yield, a 2 and p 2 are roughly √ a 2 /(a 2 + p 2 ) equal and about .25. In that case, accuracy in the limit is .71, not the perfect, 1.00. The standard error of prediction of the genetic value of a clone member would then be SEP(a) = for s = 1
and the standard error of prediction of a record of a clone member would then be
If nonadditive genetic effects are important, then H 2 would be substituted for a 2 with p 2 reduced correspondingly. For example, if H 2 = a 2 + p 2 , which is the upper limit for H 2 , then the limit for accuracy of prediction of clonal genetic value would be 1.00 when many records of the potential clone originator are available.
Clone a "Proved" Bull or Ram? The preceding discussion has implied that the clone families are female partly because success in cloning has been with females and partly because females are the productive dairy animals. However, as suggested by Smith (1989) , beef cattle systems could use both "terminal" and "maternal" clones. Terminal clones that are males would seem preferred for growth traits. A bull can easily have a genetic proof with nearly perfect accuracy of 1.00 for the prediction of additive genetic value but not for clonal value. The standard error of prediction for clonal value would in that case be for s = 1. Terminal clones of such a bull,
however, would not be uniform unless broad-sense heritability was near unity. As before SE (difference of clone records) = √ 2 − 2H 2 for s = 1
Calculations have been made (Wade et al., 1991; Goddard et al., 1994 ) that show clones of superior rams may be a cost-effective alternative to artificial insemination. In that case, the standard error of differences in clones would apply to all traits of the ram. Not only would additive genetic value for growth transmitted to progeny be important but also the individual performance of the male for traits such as fertility would be important. What the ) s
formula shows is that, for a low-heritability trait such as fertility, the performance of clone mates can be quite different. Direct fertility of a battery of cloned males might, in fact, be much more important than transmission of genetic value for growth to their progeny.
Finding the Founder of the "Perfect" Clone
The perception of clones being identical leads to a secondary impression that, if only the perfect animal could be found, then the clone mates of that perfect animal would also be ideal animals, with perfect performance. The previous discussion has shown the fallacies of expecting a high degree of uniformity among clone mates and of expecting the phenotypic superiority of the clone origin to predict equivalent genetic superiority. But suppose a perfect animal does exist that fits the ideal for a specific trait. What are the odds of finding such an animal? The following steps are not recommended but are used to show the futility of a direct approach. Assume what is needed is a superiority of three genetic standard deviations. A simple approach might be to locate all animals with records of plus four phenotypic standard deviations, which is at approximately the upper limit of credibility. Records above that limit often are viewed with suspicion and would routinely be deleted as outliers in statistical analyses or by practicing animal breeders. The basic fear is that such records are the result of preferential treatment of some kind. If that possibility is ignored, how many animals would qualify from this first step? According to the normal probability tables, about 32 animals per million would be expected to have a record exceeding the mean by four phenotypic standard deviations. With h 2 = .25, the predicted genetic value of an animal with a record of four phenotype standard deviations above the mean would be one phenotypic standard deviation or two genetic standard deviations (see previous formula) above the average of all animals. With the need to gain one more genetic standard deviation, the 32 qualifiers per million could be tested. With perfect genetic evaluations, 1 of 8 would be expected to be one genetic standard deviation above the mean of two genetic standard deviations. Thus, approximately four of each million animals might meet the standard for one trait. What about more traits? If the traits were independent, with the same h 2 , and with same importance, the odds of finding an animal that is perfect for two traits would be 16 per (1,000,000) 2 . The odds become more and more against perfection in all traits as the number of traits increases. Although this procedure is not optimized, the point is clear: finding an animal that meets high standards for several traits is unlikely. The perfect animal might exist, but finding such an animal and verifying the perfection is highly unlikely.
What needs to be added to this pessimistic but pragmatic outlook is the question of whether the "perfect" animal for one environment is the perfect animal for other environments. Environments can be considered locations, climates, economic systems, and the potential for future changes in biological conditions, prices, and costs.
This long prelude leads to the unsurprising conclusion that traditional methods for livestock improvement are not obsolete. In fact, those methods will be needed even more for complex genetic evaluations and for designing selection programs using cloning technology.
Improvement Using Cloning as a Reproductive Tool
One of the first considerations of cloning as a tool for genetic improvement was aired at a conference sponsored by the Office of Technology Assessment of the United States Congress nearly 20 yr ago in Denver in January of 1980, with proceedings published as New Technologies in Animal Breeding (Brackett et al., 1981) . That first attempt viewed cloning as a deadend (Van Vleck, 1981) . Soon after that, Nicholas and Smith (1983) and Hulle and Van Vleck (1984) realized a combination of progeny testing and clone testing could lead to continued progress.
One key point of their results is the initial "lift" that comes from the dissemination of clones of a few of the very best cows from the whole population to reproduce the cow population. A second lift comes from the initial testing of and selection from cloned progeny of those selected cows followed by a steady rate of improvement. Both papers expressed concern for the potential increase in rate of inbreeding.
What should also be of interest are the trend lines in the Nicholas and Smith (1983) paper denoting possible and achieved responses with progeny testing alone. The difference in those two lines suggests that the cost-effectiveness of traditional progeny-testing methods has not (and still has not) been fully utilized. Nevertheless, as many as 15 yr ago, cloning was established to have the potential to increase the rate of genetic improvement.
Basic Equations for Predicting Genetic Improvement.
Approximately 50 yr ago, Dickerson and Hazel (1944) and Robertson and Rendel (1950) outlined the basic equations needed to compare selection programs. A one-path simplification will be used to illustrate the usual trade-offs required to find the optimum:
Gain/year = (Accuracy)(Intensity factor)(Genetic SD) Generation interval (yr)
Because the genetic standard deviation ( S D ) is essentially a constant (modifications may be made for change due to selection and inbreeding), the three factors that generally must be balanced are the accuracy of identifying superior animals, the fraction of animals needed to be selected as parents (which determines the intensity factor assuming the normal distribution), and the time from when parents are born until their replacements are born (generation interval). These factors tend to be negatively but not linearly associated; for example, an increase in accuracy may lead to fewer animals available for selection ( a smaller selection intensity factor) and to a larger time interval between generations due to the delay in getting more information to increase the accuracy of the genetic evaluation.
Many reproductive technologies have been studied for potential impact on genetic improvement but few have been widely used. The major success story for dairy cattle involves artificial insemination. Other technologies considered have been semen sexing, multiple ovulation and embryo transfer, in vitro fertilization, embryo sexing, and cloning both by embryo splitting and nuclear transfer. Several economic considerations are involved in such studies, and they include size of population to improve, testing resources, planning horizon, discount rate, and-most importantly-expected income vs expected costs. Although several of these technologies would seem to have the potential to increase rates of genetic improvement, none except artificial insemination has been widely or completely adopted, probably because of risk of not recovering costs in a relatively short Games Animal Breeders Play. Generally, resources for testing animals are limited. Therefore, accuracy must be balanced against intensity of selection. The following simplified version of this game illustrates the concept. First consider the accuracy of predicting additive genetic value if n members of a clone are tested. Assumed will be heritability of .25 and three levels of fraction of total variance due to dominance genetic effects (.00, .10, .25). The range for relative variance due to dominance effects easily encompasses estimates summarized by Misztal et al. (1998) . With only additive genetic effects, a, and dominance genetic effects, d, the accuracies of prediction are
For additive genetic value:
For clonal (additive plus dominance genetic) value:
For a record of new clone member:
Calculations are shown in Table 5 for the example. If selection is for additive genetic value, accuracy will go to 1.00 with enough clone numbers tested if d 2 is zero (top of Table 5 ). If d 2 equals a 2 , then the limit for accuracy is .71. The principle is that likeness due to dominance effects is interfering with selection for additive effects. With cloning, the emphasis for selection will generally be on clonal value rather than on additive genetic value alone. The middle of Table 5 shows that the greater a 2 + d 2 is, the greater the accuracy for predicting clonal value.
The bottom of Table 5 shows that even with many tested clone members, the accuracy of prediction of a record of new clone member never becomes perfect. The SEP becomes smaller for larger d 2 and for increasing number of clone members tested, but complete uniformity for records of clone members is not attained (Table 6) . Table 7 illustrates combining accuracy and intensity of selection. In the simplified example, 100 spaces are available for testing. The question is how to allot those spaces between number of different clones (genotypes) and number to test in each clone. Four possibilities are shown. Table 7 shows expected clonal response ( a + d ) in one generation. Table 7 shows that as d 2 becomes larger, the emphasis should be on testing more unique clones but with only one or two clone members tested. With smaller d 2 , more members per clone should be tested at the expense of fewer unique clones. As expected, larger a 2 + d 2 leads to greater clonal response than with smaller d 2 .
The right side of Table 7 shows expected additive genetic response for the combinations of number tested per clone and number of clones. Although the optimum combinations are the same as for clonal response, the patterns are different. Increase in d 2 leads to less response in additive genetic value because clone members have records that are proportionally more alike due to dominance effects, which leads to failure to separate effectively dominance and additive genetic values. Actual studies to optimize breeding plans are obviously more complicated than for this simple game due to more factors being considered simultaneously, to accounting for decrease in genetic variance, to restriction on amount of inbreeding allowed, and to obtaining break-even costs (e.g., Teepker and Smith, 1989; Woolliams, 1989a,b; Keller et al., 1990; de Boer and van Arendonk, 1991; Colleau, 1992; de Boer et al., 1994; Villanueva et al., 1998) . Most studies have shown an advantage for genetic and clonal improvement from incorporating cloning into a breeding plan although none has shown a very low break-even cost (de Boer, 1994; Dematawewa and Berger, 1998) .
Some Questions
Concerns involving a reliance on cloning technology include the following. One concern is a build-up of inbreeding. With relatively slow genetic change and fewer "eggs in one basket," selection can often overcome effects of inbreeding. With rapid change, that flexibility may be lost. Perhaps cloning or molecular techniques can be developed to test for and eliminate deleterious recessive genes, which might effectively eliminate the concern with inbreeding.
A second concern is related to "all eggs in one basket." Rapid change with few effective genotypes could lead to a limited ability to adapt to new disease problems and to changes in environmental conditions (for example, for a switch from a concentrate-based to a forage-based feeding system). Similarly, if economic situations change (for example, if the fat differential for milk pricing doubles or triples or the reverse occurs as it has, in both directions, over the past 20 yr) and the breeding program is headed in another direction, it is difficult and inefficient to change emphasis on economic traits very quickly.
Some biological questions may also need to be answered. With the transfer of adult nuclear material, will age-related mutations build up? Will some tissues be more protected than others from somatic mutations? After many cell divisions, the starting genome seems unlikely to have remained exactly intact. Are there ways to test the importance of such questions? The efficiency of nuclear transfer has to increase dramatically to have enough data to attack such problems. The question of compatibility of cytoplasm and nuclear material was raised earlier but remains to be answered.
A topic also raised earlier leads to one final set of questions. Smith (1989) proposed that a two-line cloning system would be most effective for beef cattle. Clones selected as terminal animals would be used for marketing but would be gestated and raised by clones selected for maternal ability. This might be a solution to the dilemma that beef cattle breeders have struggled with in the past: to have calves that grow fast to a high-quality market product but to have small cows with little calving difficulty and plenty of milking ability (i.e., large, heavily muscled calves and small dairy cows). This idea brings costs back into the discussion. The genetic value of each terminal calf would be expressed only once from the use of cloning technology; that is, one big male calf per embryo transfer of a cloned genotype. The cost of cloning, however, is likely to be the same as for a one-time embryo transfer to produce a cow that would produce several calves or several lactations. A major cost of cloning (except for losses due to inefficiencies, which would need to be overcome in any case for cloning to be worthwhile for genetic improvement) would be for embryo transfer. The question is how small that cost can become. (Guebert, 1998) asked this set of questions: Will a dairy farmer in a decade or so buy a set of 100 or even a 1,000 uniform-actually identical-cloned, two-year-old Holsteins from an Internet catalog ordered by e-mail? How will the contract be written? Who owns the milk produced? Who owns the breeding rights? Will a profit be left for the farmer? These are some of the ethical, legal, and economics questions that will need to be addressed.
Summary
A cautious writer for Dairy Herd Management should receive credit for the final comment. Some writers are not normally cautious in telling stories, but this writer certainly had digested all of what he had gathered to write an article on cloning with the following title (Flaherty, 1997) : Cloning Won't Amount to Much Very Soon.
Nevertheless, potential applications and challenges of cloning technology should continue to be evaluated using principles underlying traditional methods of animal improvement.
Implications
Cloning, on first impression, suggests a perfect way to improve performance of farm animals. These first impressions might include the following. 1 ) Clone mates (members of the clone) are identical in all respects; that is, they are uniformly the same. 2 ) Clones are superior; that is, how they will perform is known exactly. 3 ) Superior records of the clone originator would guarantee that all members of the clone are superior to other animals. Such impressions imply that breeders need to find the perfect animal so that no further effort to breed better animals is needed; when the perfect animal is found and cloned, then traditional methods of breed improvement would be obsolete. These perceptions are generally incorrect for most important traits of livestock. Thus, traditional methods of animal improvement and genetic evaluation will be needed for the effective implementation and economic evaluation of cloning technology.
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